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(57) ABSTRACT

Cooling a wind turbine generator It 1s described an arrange-
ment (100, 200) for cooling a generator mounted 1n a nacelle
ol a wind turbine, the arrangement comprising: a cooling air

inlet (105) at an outer wall (1p7) of the nacelle (103) for
introducing cooling air (109) into a space region (111) 1nside
the nacelle; an inlet fan (113) downstream the cooling air
inlet (105) configured to pressurize the mtroduced cooling
airr within the space region (111); a filter system (115)
downstream the inlet fan (113) and separating the space
region (111) from another space region (117) inside the
nacelle (103), the other space (117) region being 1n com-
munication with generator portions (119) to be cooled; a
duct system (129) adapted to guide a portion (130) of
cooling air (132) heated by exchange of heat from the
generator portions to the cooling air mto the space region

(111).
HO2K 9/18; HO2K 9/26
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1
COOLING A WIND TURBINE GENERATOR

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application 1s the U.S. National Stage of Interna-
tional Application No. PCT/EP2017/073331 filed Sep. 15,
2017, which designated the United States and has been
published as International Publication No. WO 2018/0599774
and which claims the priority of German Patent Application,
Serial No, 10 2016 218 963.8, filed Sep. 30, 2016, pursuant
to 35 U.S.C. 119(a)-(d).

FIELD OF INVENTION

The present invention relates to an arrangement and to a
method for cooling a generator mounted 1n a nacelle of a
wind turbine. Further, the present invention relates to a wind
turbine having a nacelle, a generator and the control arrange-
ment.

ART BACKGROUND

A wind turbine generator may be mounted 1n a nacelle
which 1s mounted on top of a wind turbine tower. In the
nacelle, a rotor shait at which plural rotor blades are
connected may be supported and the rotor shait may be
mechanically connected to a generator rotor which may
comprise plural permanent magnets and which may rotate
relative to a stator portion of the generator mounted within
the nacelle. During operation of the generator, voltages and
currents may be induced in the stator winding due to an
induction eflect which 1s caused by the rotation of the
permanent magnets relative to stator windings. Thereby,
during operation of the generator, the temperature of the
generator may increase. Therefore, typically, during opera-
tion of the generator 1t 1s necessary to cool the generator, in
particular a direct drive generator in which the generator
rotor 1s directly connected to the rotor shait of the wind
turbine, at which the plural rotor blades are mounted.

Conventionally, a liquid link system may be used, 1n order
to cool a direct drive wind turbine, 1n particular a direct drive
generator. However, when using a liquid link system, the
cooling air temperatures may be approximately 20 degrees
higher than when using a direct cooled generator or using a
direct cooling system. Further, the liquid link system may be
relatively complicated and expensive.

A direct cooling system may be less expensive than a
liquid link cooling system. Reducing the temperature of the
generator may enable to increase the torque generated by the
wind up to 5%. The advantage of the liquid link system may
be that little air 1s exchanged with the surroundings, thus
reducing the corrosion levels 1n the generator. With the
liguid link 1t may also be easier to keep the humidity at a
level which 1s relatively low. Summarizing, a liquid link
system may give little dirt entering the generator and low
humidity for reduced corrosion issues.

The conventional direct cooling systems have some dis-
advantages, 1n particular regarding reliability of the opera-
tion of the generator or reliability and safety of the operation
of the cooling system.

Thus, there may be a need for an arrangement and a
method for cooling a generator mounted 1n a nacelle of a
wind turbine, which 1s reliable, safe and may ensure a proper
operation for a relatively long time, thus reducing mainte-
nance eflforts and costs.
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This need may be solved with the subject-matter of the
independent claims.

SUMMARY OF THE INVENTION

This need may be met by the subject matter according to
the independent claims. Advantageous embodiments of the
present invention are described by the dependent claims.

According to an embodiment of the present invention 1t 1s
provided an arrangement for cooling a generator mounted in
a nacelle of a wind turbine, the arrangement comprising a
cooling air inlet at an outer wall of the nacelle for introduc-
ing cooling air into a space region inside the nacelle, an inlet
fan downstream the cooling air 1inlet configured to pressurize
the introduced cooling air within the space region, a filter
system downstream the inlet fan and separating the space
region from another space region inside the nacelle, the
other space region being in communication with generator
portions to be cooled, (in particular a system for exchanging
a portion of a heat energy from the generator portions to the
cooling air to obtain heated cooling air), and a duct system
adapted to guide a portion of cooling air heated by exchange
of heat from the generator portions to the cooling air into the
space region.

The cooling air inlet may for example be arranged at a
bottom wall of the nacelle or at a top wall of the nacelle. In
other embodiments, the cooling air inlet may be arranged at
a back face of the nacelle. According to other embodiments,
the cooling air inlets may comprise one or more openings at
different faces of the outer wall of the nacelle. Via the
cooling air inlet, surrounding cooling air may be introduced
into the space region, also referred to as low humidity filter
room 1n the following. The space region may be separated by
in particular parts of the filter system and/or some internal
wall sections from other space regions within the nacelle.
Within the space region, the cooling air introduced via the
cooling air inlet may be, according to embodiments of the
present invention, reduced in humidity by advantageously
mixing the cooling air with a portion of exhaust air, 1.e.
cooling air which has been heated by heat exchange with
components of the generator.

The inlet fan may comprise for example an electric motor
and blades which are mounted on a fan shaft which rotates
driven by the electric motor. The inlet fan may suck ambient
air from outside the nacelle 1into the space region and may
pressurize the air 1t mto the space region, for example to a
pressure above the ambient pressure, 1n particular a pressure
between 0 and 1000 Pa, Other pressurizing values may be
possible. This pressure needs to be high enough to overcome
the filter pressure loss and to pressurize the nacelle to
prevent unfiltered air from leaking into the nacelle. The
pressure loss on the filters may be typically between 50 and
300 Pa (1 Bar 1s 101325 Pa) In addition, the pressure in the
nacelle may be the pressure 1n the space region diminished
by the pressure loss. E.g., 1f the pressure in the space region
1s 900 Pa and the pressure loss 1s 200 Pa, the pressure in the
nacelle may be 700 Pa. The pressure in the nacelle may be
kept between 20 and 500 Pa above ambient pressure.

For avoiding that the pressurized cooling air introduced
into the space region leaves the space region, the arrange-
ment may further comprise an inlet valve which may pro-
hibit exhaust of the cooling air from the space region to the
outside but which may allow introduction of the cooling air
from the outside into the space region.

The filter system may comprise one or more filters, in
particular particle filters, for filtering solid particles, which
may be present in the environment, from reaching compo-
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nents within the nacelle, in particular from reaching the
generator portions to be cooled. In particular, the filter
system (and optionally some internal wall sections) may be
adapted or arranged such that all air which 1s introduced nto
the other space region has passed through active filter
regions of the filter system. Thereby, 1t can be avoided to
introduce dirty air containing dust and/or particles into the
other space region.

The filtered cooling air may exchange heat with the
generator portions, thereby carrying away a portion of a heat
energy generated by the generator portions, 1 order to
obtain heated cooling atr.

The duct system may comprise one or more pipe sections
or pipes which may be configured to guide the heated
cooling air. Primarily, the duct system may comprise an
exhaust pipe or exhaust duct running within the nacelle from
the generator portion to be cooled towards an exhaust exit at
an outer surface of the nacelle.

By guiding a portion of the cooling air which 1s heated by
exchange of heat from the generator portions 1nto the space
region, the cooling air introduced via the cooling air inlet
into the space region may be (slightly) heated up. Thereby,
the relative humidity of the combined cooling air present
within the space region may be reduced. The reduction of the
relative humidity may reduce the amount of salt solved or
dissolved within the cooling air. The reduction of the relative
humidity may transform liquefied salt particles 1n the air by
drying the droplets creating solid salt particles. Thus, salt
may dry out, thereby forming solid salt particles. The solid
salt particles may eflectively be filtered out by the filter
system. Further, the filter system may be deteriorated to a
smaller extent compared to conventional system conveying
relatively wet cooling air through a filter.

Thereby, it may be ensured to cool the generator portions
with clean air containing relatively low amounts of dis-
solved salt. Therefore, corrosion problems of portions of the
generator, such as stator portions and/or rotor portions, may
be reduced.

According to an embodiment of the present invention, the
duct system comprises an exhaust duct for gumiding another
portion of the heated cooling air to an outside of the nacelle,
and a bypass duct arranged to provide a communication
between the exhaust duct and the space region such that
cooling air introduced 1nto the space region combines with
the portion of the heated cooling air gmded through the
bypass and the combined air passes through the inlet fan.

The exhaust duct may substantially be or comprise a
straight pipe running for example 1n a longitudinal direction
of the nacelle. The exhaust duct may guide the heated
cooling air coming from the generator portion away from the
generator and 1n a direction towards a back of the nacelle.
The bypass duct may be coupled to the exhaust duct and may
guide the portion of the heated cooling duct from the exhaust
duct to the space region. Thereby, a combination of the
cooling air introduced via the cooling air inlet and the
portion of the heated cooling air may be present within the
space region. Thereby, the temperature of the combined air
may be higher than the temperature of the cooling air
introduced via the cooling air inlet. Thus, the relative
humidity of the combined air may be lower than the relative
humidity of the cooling air itroduced via the cooling air
inlet.

According to an embodiment of the present invention, the
inlet fan 1s configured to mix the portion of the heated
cooling air with the cooling air introduced via the cooling air
inlet.
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The combined air may be passed through or traverse the
inlet fan which may lead to an eflective mixing of the
portion of the heated cooling air with the cooling air
introduced via the cooling air inlet. Therefore, a homoge-
neous temperature may be achieved 1n the mixed air, and the
humidity of the mixed air may be homogeneously lowered,
in order to dry out salt which 1s previously dissolved 1n the
cooling air as introduced via the cooling air inlet. The dried
out salt may eflectively be filtered out by the filter system.

According to an embodiment of the present invention, the
arrangement further comprises a valve installed in the
bypass duct and controllable to adjust a valve opening, in
order to adjust a magnitude of the portion of the heated
cooling air guided into the space region.

By adjusting the valve opening, an amount of heated
cooling air may be adjusted, 1n order to achieve a desired or
predetermined humidity of the combined air. Thereby, the
filtering may be performed efliciently.

According to an embodiment of the present invention, the
arrangement further comprises a humidity sensor adapted to
measure a humidity of air present within the space region, an
actuator adapted to adjust the valve opeming, and a valve
controller adapted to generate a driving signal for the
actuator based on the measured humidity and a predeter-
mined humidity, being 1n particular between 50% and 70%.

The valve controller may for example be configured to
determine and accordingly adjust the degree of the valve
opening 1n order to achieve a predetermined humidity of the
mixed air within the space region. For example, the tem-
perature ol the surrounding air and the humidity of the
surrounding air may be measured and also the temperature
of the heated air may be measured. By considering the
volume of the space region and a particular mass flow of the
heated cooling air through the bypass duct into the space
region may enable to determine a valve opening which
would introduce a suflicient amount of the heated cooling
air, 1n order to achieve the predetermined humidity of the
mixed air within the space region.

Thereby, an eflective drying out of salt dissolved 1n the
cooling air mtroduced via the cooling air inlet may be
achieved. Thereby, the filtering process may eflectively be
performed.

According to an embodiment of the present invention, the
exhaust duct runs 1n a longitudinal direction of the nacelle.
In particular, the exhaust duct may run 1n a center region of
the nacelle.

In particular, the cooling air may be led or guided in
radially outer regions of the generator over the generator
portions to be cooled and may then be led radially mnwards
towards the exhaust duct. Thereby, only one exhaust duct or
exhaust pipe may be suilicient for eflectively conveying
away the heated cooling air which has acquired a portion of
the heat generated 1n the generator.

According to an embodiment of the present invention, the
arrangement further comprises an exhaust fan configured to
generate a pressure in the exhaust duct which 1s lower than
around the portions of the generator.

The exhaust fan, when 1n operation, may therefore eflec-
tively suck the heated cooling air away from the portions of
the generator and through the exhaust duct. The exhaust fan
may be arranged close to an exit opening.

By having the inlet fan and the exhaust fan, the cooling air
may ellectively be conveyed towards the generator portions
and away from the generator portion after having acquired
some of the heat energy of the generator portions.

The arrangement may further comprise an outlet valve
installed in the exhaust duct, in particular close to an exit
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opening. The inlet fan, the outlet fan, the valve installed 1n
the bypass duct and also the outlet valve may be controllable
depending on the temperature of the generator portions, the
temperature of the ambient air, the humidity and potentially
other physical quantities.

Thereby, an effective, reliable cooling of the generator
may be achieved.

According to an embodiment of the present invention, the
filter system 1s configured to substantially retain solid par-
ticles, in particular having particle size larger than 0.4 um,
from reaching the other space region when impacting
thereon from the space region. Other particle size thresholds
may be possible. Thereby, conventionally available filter
systems may be used 1n arrangements according to embodi-
ments of the present invention.

According to an embodiment of the present invention, the
filter system comprises at least one fine particle filter, 1n
particular a F7 filter or other filter types like F5, F8, F9 or
E10, 1n particular a two stage filter.

When salt previously dissolved within the cooling air
taken from outside the nacelle 1s dried out due to lowering,
the humidity of the mixed and combined cooling air, the
cooling air may eflectively be cleaned by providing a
particle filter or one or more particle filters having different
particle size thresholds.

According to an embodiment of the present invention 1t 1s
provided a wind turbine, in particular direct drive wind
turbine, comprising a nacelle, a generator mounted within
the nacelle, and an arrangement according to one of the
preceding embodiments adapted to cool the generator using
ambient cooling air.

It should be understood that features individually or in
any combination disclosed, described, explained or applied
to an arrangement for cooling a generator mounted 1n a
nacelle of a wind turbine may also, individually or 1n any
combination, used for, applied or provided for a method of
cooling a generator mounted i a nacelle according to
embodiments of the present invention and vice versa.

According to an embodiment of the present invention 1t 1s
provided a method of cooling a generator mounted 1n a
nacelle of a wind turbine, the method comprising introduc-
ing cooling air via a cooling air 1nlet at an outer wall of the
nacelle into a space region inside the nacelle, pressurizing
the introduced cooling air within the space region using an
inlet fan downstream the cooling air inlet, filtering the
introduced cooling air by passing the cooling air through a
filter system downstream the inlet fan into another space
region inside the nacelle, (1n particular exchanging a portion
of a heat energy from the generator portions to the cooling
air to obtain heated cooling air), and guiding, via a duct
system, a portion of cooling air heated by exchange of heat
from generator portions to the cooling air into the space
region.

The method may for example be performed by a wind
turbine controller. The method may be implemented in
hardware and/or software. The method may be applied to an
oflshore or near-shore wind turbine. In an offshore or
nearshore wind turbine, the ambient air may contain a
considerable amount of salt. This salt may eflectively be
dried out according to embodiments of the present invention
and subsequently filtered out using the filter system which
may make it suitable for cooling a generator.

The aspects defined above and further aspects of the
present 1nvention are apparent Irom the examples of
embodiment to be described hereinaiter and are explained
with reference to the examples of embodiment. The inven-
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tion will be described 1n more detail hereinatter with refer-
ence to examples of embodiment but to which the mnvention
1s not limited.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates an arrangement for cool-
ing a generator according to an embodiment of the present
invention;

FIG. 2 schematically illustrates a partially cut-away three-
dimensional view of a nacelle comprising an arrangement
for cooling a generator according to an embodiment of the
present invention; and

FIG. 3 schematically illustrates a cooling arrangement
according to the prior art.

DETAILED DESCRIPTION

The 1llustration 1n the drawings 1s 1n schematic form. It 1s
noted that in different figures, similar or 1dentical elements
are provided with the same reference signs or with reference
signs, which are different from the corresponding reference
signs only within the first digit.

The arrangement 100 for cooling a generator 101
mounted 1n a nacelle 103 of a wind turbine comprises a
cooling air inlet 105 (and optionally a mist eliminator 102
and an inlet valve 106) at an outer wall 107 of the nacelle
103 for introducing cooling air 109 into a space region 111
(also referred to as low humidity filter room) inside the
nacelle 103, as illustrated in FIG. 1. The cooling air inlet
may, according to an embodiment of the present invention,
provided at a bottom side of the nacelle. The arrangement
100 further comprises an inlet fan 113 downstream the
cooling air inlet 105 and configured to pressurize the intro-
duced cooling air within the space region 111. The arrange-
ment 100 turther comprises a filter system 115 downstream
the 1nlet fan 113 and separating the space region 111 from
another space region 117 bemng in communication with
generator portions 119 to be cooled.

The filter system 115 comprises a filter array containing,
different filter layers 121, 123. The filter system 1135 may be
configured to filter out particles having a particle size larger
than a threshold, such as 0.4 um. Thus, after filtering the
cooling air, a cleaned cooling air 140 will be present within
the other space region 117. In a wall section 125, one or
more air inlets 127 may be present which allows the cleaned
cooling air 140 to reach the portions 119 of the generator 101
to be cooled.

The arrangement 100 further comprises a mixing valve
141 installed 1n the bypass duct 137 and controllable to
adjust a valve opening, 1n order to adjust an amount of the
portion 130 of the heated cooling air 132 guided into the
space region 111.

Therefore, the duct system 129 comprises an exhaust duct
131 for guiding heated cooling air 132 away from the
generator, for guiding the portion 130 of the heated cooling
airr 132 to the space region 111 and for guiding another
portion 133 of the heated cooling air 132 to an outside 135
of the nacelle 103. The duct system 129 comprises a bypass
duct 137 which i1s arranged to provide a communication
between the exhaust duct 131 and the space region 111 such
that cooling air 109 1ntroduced 1nto the space region 111 via
the cooling air 1nlet 105 combines with the portion 130 of
the heated cooling air 132 guided through the bypass 137

and such that the combined air 139 passes through the inlet
fan 113.
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The arrangement 100 further comprises a mixing valve
141 installed 1n the bypass duct 137 and controllable to
adjust a valve opening, 1 order to adjust a amount of the
portion 130 of the heated cooling air 132 guided mto the
space region 111.

The arrangement further comprises a humidity sensor 143
adapted to measure a humidity of air present within the
space region 111. Further, the arrangement 100 comprises an
actuator 145 which 1s adapted to adjust the valve opening of
the mixing valve 141. Furthermore, the arrangement com-
prises a valve controller 147 which 1s adapted to generate a
driving signal 149 for the actuator 145 based on the mea-
sured humidity 144 and a predetermined humidity. Thereby,
the mixing valve 141 may be set such as to achieve a desired
humidity within the space region 111.

The arrangement 100 further comprises an exhaust fan
151 configured to generate a pressure 1n the exhaust duct 131
lower than around the portion of the generator 101. The
arrangement 100 further comprises an outlet valve 153
installed in the exhaust duct 131 close to an exhaust opening
154.

The filter system 115 may be adapted to retain solid
particles having a particular size larger than a threshold,
from reaching the other space region 117 when impacting
thereon from the space region 111.

The arrangement 100 may be comprised 1n, in particular
a nacelle of, a wind turbine having a rotor 155 and a hub 157
connected to the rotor, wherein at the hub 157, plural rotor
blades 159 are mounted.

The arrangement 100 1s capable of performing a method
according to an embodiment of the present invention.

FI1G. 2 schematically 1llustrates a partially cut-away three-
dimensional view of an embodiment 200 of an arrangement
200 for cooling a generator. Thereby, FIG. 2 illustrates the
nacelle 203 1n a schematic three-dimensional view from a
top side, wherein portions are cut away such as to allow
inspection of the interior of the nacelle 203.

At a bottom side 204 (lying behind the drawing plane of
FIG. 2), the nacelle 203 comprises the cooling air inlet 205.
The arrangement 200 comprises the inlet fan 213 and further
comprises the bypass duct 237 which guides a portion 230
of heated cooling air 232 mto the space region 211 (low
humidity filter chamber) wherein the heated cooling air 1s
mixed using the inlet fan with the cooling air 209 introduced
via the cooling air inlet 205. The arrangement 200 further
comprises the filter array 215 which filters the mixed com-
bined air such that 1n the other space region 217, cleaned
cooling air 1s present which 1s gmided to the generator 201
tor cooling. The cooling air exchanges heat with portions of
the generator 201 and 1s guided back using the exhaust duct
231 which also comprises a not illustrated exhaust fan to
convey the majority of the heated cooling air out of the
nacelle via the air outlet 254.

According to embodiments of the present mvention, hot
air having exchanged a portion of the heat energy of the
generator 1s mixed 1nto the mlet air before (upstream) the fan
and before the filter. Thereby, 1t may be possible to achieve
a higher flow by using only two fans. When mixing the hot
air into the cold air before the fan, it may be ensured that the
air 1s well mixed before entering the filter room 111. In
addition, the large velocities around the blade and the
forceful mixing may ensure that all liquefied salt particles
are dried out before entering the filter room 111. Dry salt
particles may behave like ordinary dust and may thus easily
be filtered using standard filter types like the F7 filter,
according to an embodiment of the present mvention. If a
better filtering efliciency or safety i1s needed, a two-stage
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filter system may be created by using two filter walls 1n
series. Using the inlet fan may allow to keep the pressure
high 1n the filter room and the nacelle may ensure that dirty
air does not enter the nacelle and generator.

One main 1dea of the present invention may be to use the
inlet fan for drying out liquetied salt particles by mixing the
hot bypass air with the cold salty inlet air before the fan. This
may ensure that salt can be filtered away by ordinary
standard filter techmques.

In the embodiments i1llustrated in FIGS. 1 and 2, the
cooling air inlet may comprise one or more openings, for
example also one opening which provides a communication
to an interior of a wind turbine tower. The cooling air
introduced via one or more openings may be combined 1n
the space region 111 and may mix with the portions of the
heated cooling air 137, 132 upstream of the inlet fan which
1s 1n turn upstream of the filter system.

FIG. 3 schematically illustrates a nacelle of a wind turbine
according to the prior art. The nacelle 303 also comprises a
filter system 3135 but this filter 315 1s upstream a bypass duct
337 and also upstream of a not 1llustrated inlet fan.

It should be noted that the term “comprising” does not
exclude other elements or steps and “a” or “an” does not
exclude a plurality. Also elements described in association
with different embodiments may be combined. It should also
be noted that reference signs in the claims should not be
construed as limiting the scope of the claims.

What 1s claimed 1s:

1. An arrangement for cooling a generator mounted 1n a
nacelle of a wind turbine, said arrangement comprising:

a cooling air inlet at an outer wall of the nacelle for
introducing cooling air ito a space region inside the
nacelle;

an 1nlet fan arranged downstream the cooling air inlet and
configured to pressurize the introduced cooling air
within the space region;

a filter system arranged downstream the inlet fan and
separating the space region from another space region
inside the nacelle, said another space region being 1n
communication with portions of the generator to be
cooled; and

a duct system structured to guide a portion of cooling air
heated by exchange of heat from the generator portions
to the cooling air into the space region.

2. The arrangement of claim 1, wherein the duct system

COmMprises:

an exhaust duct for guiding another portion of the heated
cooling air to an outside of the nacelle; and

a bypass duct arranged to provide a communication
between the exhaust duct and the space region such that
cooling air introduced into the space region combines
with the portion of the heated cooling air guided
through the bypass duct and the combined air passes
through the inlet fan.

3. The arrangement of claim 2, wherein the inlet fan 1s
configured to mix the portion of the heated cooling air with
the cooling air introduced via the cooling air inlet to reduce
a relative humidity of the combined cooling air, thereby
forming solid salt particles.

4. The arrangement of claim 2, further comprising a valve
installed in the bypass duct and controllable to adjust a valve
opening, 1n order to adjust a magnitude of the portion of the
heated cooling air guided into the space region.

5. The arrangement of claim 4, further comprising:

a humidity sensor configured to measure a humidity of air

present within the space region;

an actuator configured to adjust the valve opening; and
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a valve controller configured to generate a driving signal
for the actuator based on the measured humidity and a
predetermined humidity between 50% and 70% to
achieve the predetermined humidity thereby achieving

cllective drying out of salt dissolved in the cooling air

introduced via the cooling air inlet.

6. The arrangement of claim 2, wherein the exhaust duct
runs 1n a longitudinal direction of the nacelle.

7. The arrangement of claim 2, further comprising an
exhaust fan configured to generate in the exhaust duct a
pressure which 1s lower than a pressure around the generator
portions.

8. The arrangement of claim 2, further comprising an
outlet valve 1nstalled 1n the exhaust duct.

9. The arrangement of claim 1, wherein the filter system
1s configured to substantially retain solid particles having a
particle size larger than 0.4 um, from reaching the another
space region when impacting thereon from the space region.

10. The arrangement of claim 1, wherein the filter system
comprises at least one fine particle filter.

11. A wind turbine, comprising:

a nacelle:

a generator mounted within the nacelle; and

an arrangement for cooling the generator using ambient

cooling air, said arrangement comprising a cooling air
inlet at an outer wall of the nacelle for introducing
cooling air into a space region inside the nacelle, an
inlet fan arranged downstream the cooling air inlet and
configured to pressurize the introduced cooling air
within the space region, a filter system arranged down-
stream the inlet fan and separating the space region
from another space region inside the nacelle, said
another space region being in communication with
portions of the generator, and a duct system structured
to guide a portion of cooling air heated by exchange of
heat from the generator portions to the cooling air into
the space region.

12. The wind turbine of claim 11, wherein the duct system
of the arrangement comprises an exhaust duct for gmiding
another portion of the heated cooling air to an outside of the
nacelle, and a bypass duct arranged to provide a communi-
cation between the exhaust duct and the space region such
that cooling air imntroduced into the space region combines
with the portion of the heated cooling air guided through the
bypass duct and the combined air passes through the inlet
fan.

13. The wind turbine of claim 12, wherein the inlet fan of
the arrangement 1s configured to mix the portion of the
heated cooling air with the cooling air introduced via the
cooling air inlet to reduce a relative humidity of the com-
bined cooling air, thereby forming solid salt particles.
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14. The wind turbine of claim 12, wherein the arrange-
ment includes a valve installed 1n the bypass duct and
controllable to adjust a valve opening, in order to adjust a

magnitude of the portion of the heated cooling air guided
into the space region.

15. The wind turbine of claim 14, wherein the arrange-
ment mcludes a humidity sensor configured to measure a
humidity of air present within the space region, an actuator
configured to adjust the valve opening, and a valve control-
ler configured to generate a driving signal for the actuator
based on the measured humidity and a predetermined
humidity between 50% and 70% to achieve the predeter-
mined humidity thereby achieving eflective drying out of
salt dissolved 1n the cooling air introduced via the cooling air
inlet.

16. The wind turbine of claim 12, wherein the exhaust
duct runs 1n a longitudinal direction of the nacelle.

17. The wind turbine of claim 12, wherein the arrange-
ment includes an exhaust fan configured to generate 1n the
exhaust duct a pressure which 1s lower than a pressure
around the generator portions.

18. The wind turbine of claim 12, wherein the arrange-
ment includes an outlet valve installed 1n the exhaust duct.

19. The wind turbine of claim 11, wherein the filter system
of the arrangement 1s configured to substantially retain solid
particles having a particle size larger than 0.4 um, from
reaching the another space region when impacting thereon
from the space region.

20. The wind turbine of claim 11, wherein the filter system
comprises at least one fine particle filter.

21. A method of cooling a generator mounted 1n a nacelle
of a wind turbine, said method comprising;:

introducing cooling air via a cooling air 1nlet at an outer

wall of the nacelle 1into a space region inside the
nacelle;

pressurizing the mtroduced cooling air within the space

region using an inlet fan downstream the cooling air
inlet:

filtering the mtroduced cooling air by passing the cooling

air through a filter system arranged downstream the
inlet fan and separating the space region from another
space region 1side the nacelle, with the another space
being 1n communication with portions of the generator
to be cooled; and

guiding, via a duct system, a portion of cooling air heated

by exchange of heat from portions of the generator to
the cooling air into the space region.

22. The method of claim 21, applied to an offshore or near
shore wind turbine.
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